Aim The aim was to investigate the incidence and risk factors for parastomal bulging, a clinically important complication, in patients with an ileostomy or colostomy.
Introduction
Background/rationale Parastomal bulging (PB) is a visible or palpable bulge at the site of a stoma and a common complication of stoma surgery [1, 2] . It often leads to a feeling of heaviness, cosmetic problems and problems with stoma appliances, making patients more susceptible to leakage and skin irritation. PB is a clinical entity of importance to the patient and may reduce quality of life [1] . It includes both parastomal hernias [3] and 'pseudohernias', i.e. subcutaneous prolapse and a weak abdominal wall [4, 5] .
The literature on parastomal hernias provides rough estimates of the incidence of PB [6] [7] [8] [9] [10] . Depending on stoma type, the incidence varies from 20% to 40% [6, 9] . For parastomal hernias, previous studies point to age [6, [11] [12] [13] [14] [15] , colostomy [4, 6, 10, 16] and aperture size [6, 13] as risk factors. Placement of a peristomal mesh at the time of stoma formation reduces the risk of PB [17] [18] [19] [20] . Findings are inconsistent for other possible risk factors, e.g. high body mass index (BMI), cancer, laparoscopy and gender [11, 13, 14, 16, [21] [22] [23] .
At present, the most common options for managing PB are conservative treatment or surgical repair [23, 24] . Usually, surgical repair is only warranted if symptoms are severe, leaving many patients to live with PB.
The Danish Stoma Database Capital Region (DSDCR) is a clinical database established in 2007 [25] . Stoma care nurses (SCN) prospectively register clinical data, including data on PB, on patients with a stoma in the DSDCR at surgery and at scheduled visits up to 1 year after surgery.
Objectives
Our aim was to investigate the incidence of PB in patients with an ileostomy or colostomy at different periods of follow-up during the first year after surgery and to investigate the association between surgeryrelated and patient-related factors and the risk of PB.
Method Study design
The incidence of PB in patients with an ileostomy or colostomy in the Capital Region of Denmark the first year after surgery was the primary outcome in this study. We used a register-based study design to evaluate prospectively collected data from the DSDCR [25] . In order to include relevant variables not collected in the DSDCR, the dataset was linked to data from the Danish Anaesthesia Database. The investigation of risk factors included several variables in an exploratory approach. We reported this study based on the guidelines of the STROBE statement [26] and the RECORD extension [27] .
Setting
The Capital Region of Denmark is one of five Danish regions with a population of 1.8 million. After stoma surgery, all patients in the Capital Region of Denmark are seen by SCNs at one of five hospitals in the region. The DSDCR aims to include all regional patients undergoing stoma surgery and when checked against the Danish National Patient Register the database shows a data completeness of nearly 100% [25] . For this reason, the database population should relate well to the source population of patients with a stoma in the Capital Region of Denmark [25] . Since 2007, routinely collected health data on patients with a stoma have been registered in the DSDCR [25] . The Danish Anaesthesia Database is a national quality assurance database containing data on patients undergoing surgery [28] .
Participants
All patients registered in the DSDCR with an ileostomy or colostomy were eligible for inclusion. From the DSDCR, eligible stoma types were jejunostomy, ileostomy, sigmoid colostomy and transverse colostomy. Patients without any follow-up data were excluded, as PB had not yet been assessed. We included patients with multiple records in the DSDCR from separate surgical procedures based on the following criteria: (i) multiple records with a difference in date of surgery of ≤ 30 days were treated as one case and the latest record was included for that patient; (ii) for multiple records with a difference in date of surgery of > 30 days, the latest record counted separately if the stoma type was different and the patient had not developed PB. If criterion (ii) was met, the previous records for that patient were censored. Also any records of a patient already included were excluded.
Variables
Danish stoma database capital region PB was defined as a clinically assessed bulge at the site of the stoma. From the DSDCR, we also included variables of age, gender, diagnosis (primary cause for stoma creation), stoma type, BMI, type of surgery (emergency/elective), mode of surgery (open surgery/laparoscopy only), placement of a peristomal mesh, preoperative stoma site marking, and whether the stoma was placed through an incision separate from existing laparoscopic incisions. For the purposes of comprehensibility and interpretation, we grouped jejunostomy and ileostomy as 'ileostomy' and sigmoid and transverse colostomies as 'colostomy' in our analyses [25] . Diagnoses of Crohn's disease and ulcerative colitis were grouped as 'inflammatory bowel disease' (IBD).
Danish anaesthesia database
From the Danish Anaesthesia Database we included the American Society of Anesthesiologists (ASA) physical status classification system [29] , smoking status and alcohol consumption. Disease severity, comorbidity and functional limitations are taken into account by the classification system. We retained the categorization of the variables of smoking status and alcohol consumption that were used in the Danish Anaesthesia Database. Alcohol consumption was measured in Danish standard drinks per week (equal to 12 g of pure alcohol).
Data sources/measurement
For both databases, data were extracted and delivered by the responsible data managers. Except for PB, all included variables were assessed at the time of surgery. PB was assessed clinically by SCNs at scheduled visits on postoperative day (POD) 30, 90, 182 and 365 (and at ad hoc visits in-between) [25] . Clinical assessments included visual inspection with the patient in different positions, interview about symptoms, measurement of the stoma diameter, digital examination of the stoma and the ostomy aperture, and observation of the stoma site during the Valsalva manoeuvre. SCNs in the Capital Region of Denmark use internal guidelines and training and a uniform definition of PB to standardize their assessments of PB.
The inter-rater reliability is reportedly low for clinical assessments when distinguishing three possible outcomes (bulge, parastomal hernia or neither) [30] . However, as SCNs assess whether PB (including parastomal hernias) is present or not, these findings are not entirely transferable and we would expect a higher agreement in assessments only distinguishing between its presence or not. The validity of the clinical assessment of PB has not been established. Some studies have detected parastomal hernias more frequently when assessed radiologically rather than clinically [13, [31] [32] [33] , while others found clinically assessed bulges or hernias not detected by CT scan [30, 34] .
Statistical methods
Entries with PB unknown were treated as the patient not having PB at that follow-up visit. In this way PB had to be positively confirmed. Missing data from patients failing to turn up were treated as not having PB at that follow-up point. If there were no later follow-up visits, the patient was treated as 'lost to followup' and censored. We expected this approach to provide a conservative estimate of the incidence of PB.
We calculated the cumulative incidence of PB using survival analysis. We used Kaplan-Meier plots to illustrate the cumulative incidence of PB after stoma formation up to 400 days after surgery. We used 400 days to account for POD 365 visit later than 365 days after surgery. Patients were censored in the Kaplan-Meier plots when patients were deceased, had their stoma reversed or were lost to follow-up. Additionally, we plotted the cumulative incidence using death or reversed stoma as competing risks [35] to provide a more conservative estimate, as patients who were deceased or had their stoma reversed were no longer at risk of developing PB. Estimates of cumulative incidence at POD 100, 200, 300 and 400 were calculated and presented with 95% confidence intervals.
We used Cox proportional hazards regression models to investigate risk associated factors. Crude estimates were calculated for the included variables, and multivariable models were used to calculate adjusted estimates. All variables except 'peristomal mesh' and 'stoma placed through separate incision' were included in the multivariable analyses. Additional models for multivariable analyses were constructed using backward selection, removing variables that were not statistically significant. The variable 'peristomal mesh' was analysed in a subgroup including only sigmoid colostomies as, historically, they are the preferred stoma type for mesh placement. Similarly, the variable 'stoma placed through separate incision' was analysed in a subgroup of laparoscopies only, as all open surgeries use a separate incision for the stoma [36] . For BMI, we applied the major category boundaries of the World Health Organization [37] , also including a cut-off for obese class II+ at BMI ≥ 35. All analyses were done in R (version 3.2.3) software (R Foundation for Statistical Computing, Vienna, Austria).
Results

Participants
Data were delivered by the DSDCR on patients with eligible stoma types and did not include ineligible stoma types of urostomy or any types of intestinal neobladders. The delivered dataset included 8368 records on 7534 unique patients (Fig. 1) . We excluded 2637 patients having no follow-up data. Reasons for missing follow-up data were unknown but were likely to include illness or visits to stoma care clinics outside the Capital Region. An additional 712 patient records were excluded due to already being included and not meeting the specified criteria. In total, we included a study population of 5019 patients, 102 of which were records of separate stoma procedures on the same patient. ASA was successfully linked for 4616 patients (92%), smoking status for 4089 patients (81%) and alcohol consumption for 4085 patients (81%).
Descriptive data
The characteristics of the study population are shown in Table 1 . The majority (58%) of the study population had a diagnosis of cancer, and the median age was 66 years. There were slightly fewer ileostomies (n = 2267) than colostomies (n = 2752). In 2013, the DSDCR added additional categories to the diagnosis variable that were formerly registered as 'other'. Many of the data are from before 2013, resulting in a high number (n = 646) of unknown 'other' diagnoses. Of the database population of 8368 patients, 2637 patients without any follow-up were not included in any analyses (Fig. 1) . Patients without follow-up data differed from the study population in age, stoma type, diagnosis, type of surgery, mode of surgery and preoperative stoma marking. They were slightly older than the study population [median 68 years (interquartile range 55; 78) vs median 66 years (interquartile range 55; 74)]. The percentage of colostomies (47%) was significantly lower than in the study population (55%), and there were more 'other' diagnoses (30% vs 24%). Additionally, this group had significantly lower percentages of elective operations (48% vs 58%), 'laparoscopy only' (23% vs 34%) and preoperative stoma site marking (67% vs 76%).
Incidence PB was identified in 1149 of the study population's 5019 patients. In the Kaplan-Meier plot, many patients were right-censored before possible completion of a POD 365 visit, and for this portion of the study population it is unknown if PB occurred within the first 400 days after surgery. A POD 365 visit without PB was registered for 538 of 5019 patients. 1377 patients were lost to follow-up due to death or stoma reversal, and 1955 patients were censored due to being lost to follow-up for other reasons. Reasons for right-censoring are shown in Fig. 2 . Figure 3 shows Kaplan-Meier estimates of the incidence of PB. The dotted line represents an estimate using competing risks. Kaplan Fig. 4 . For the age variable in Fig. 4 , we used a cutoff of 60 years as used in previous observational studies investigating age as a risk factor [11, 14, 15] . Table 2 shows risk factors for PB presented as hazard ratios with 95% confidence intervals. Male gender, age, colostomy, alcohol consumption and 'laparoscopy only' (also including robot-assisted procedures) were associated with an increased risk of PB after adjusting for other variables. Compared with cancer, IBD was associated with a lower risk of PB, and diverticulitis was associated with a higher risk. For the other variables, analyses showed neither increased nor decreased risk of PB. We included all variables in multivariable models with the exception of 'peristomal mesh' and 'stoma placed through separate incision', which were treated in subgroup analyses. Additional models with backward selection (data not shown) did not alter estimates significantly. 
Risk factors
Other analyses
Subgroup analyses for the variables 'peristomal mesh' and 'stoma placed through separate incision' are also shown in Table 2 . In subgroup analyses, we adjusted for variables with a statistically significant risk of PB in the univariate models: gender, age, diagnosis, alcohol consumption and mode of surgery. Placement of a peristomal mesh was found to slightly reduce the risk of PB in sigmoid colostomies when adjusted for other variables. For laparoscopies only, a separate incision was associated with a decrease in the risk of PB, but only after adjusting for other variables. Figure 5 details the relationship between age and relative risk of PB, showing an increase in risk with increasing age.
Discussion
We used routinely collected health data from the DSDCR to investigate incidence and risk factors for PB in patients with ostomies based on a large study sample. We found a cumulative incidence of PB of 36.2% (competing risks) at 400 days after surgery; and the cumulative incidence was above 10% at 100 days from surgery. In our analyses, we found that age, male gender, diverticulitis, alcohol consumption, laparoscopy only and colostomy were associated with an increased risk of PB while IBD, peristomal mesh and stoma placement through a separate incision were associated with a reduced risk of PB. The incidence of PB found in this study was at the higher end of the spectrum compared with other studies on parastomal hernias, where the incidence was 20-40% after 2 or more years [6] [7] [8] [9] 11] . With an incidence of more than 10% at 100 days and 36% at 400 days, effective preventative modalities would seem meaningful even in the short term. Peristomal mesh [38] , surgical techniques [39] [40] [41] and non-surgical options, e.g. abdominal exercise, may warrant further attention [42] [43] [44] .
In line with the findings of previous studies, age [6, [11] [12] [13] [14] [15] and colostomy [4, 6, 10, 16] were associated with an increased risk of PB. In unadjusted analysis patients with colostomies had twice the risk of PB compared with ileostomies. However, the hazard ratio for stoma type was 1.4 (95% CI: 1.2; 1.7) when adjusting for covariates. We have no plausible explanations for the increased risk of PB found after laparoscopic surgery; some observational studies have reported similar findings [21, 36] , while others found no difference [15, 22] . The reduced risk of PB from placement of a peristomal mesh [hazard ratio 0.7 (95% CI: 0.6; 1.0), P = 0.019] was not as strong as reported in systematic reviews and randomized trials on parastomal hernias (odds ratios from 0.04 to 0.34, hazard ratio 0.134) [17, 19, 20, 32] . Detailed information on mesh type and application was not available, which may have affected the internal validity of the estimate. Similar to our finding, another study suggested that stoma placement through a separate incision may reduce the risk of parastomal hernias [36] . Alcohol consumption was associated with an increased risk of PB, but the estimate for high intake was imprecise [hazard ratio 1.4 (95% CI: 1.0; 1.7)] and confidence intervals for both estimates contain values indicating little or no risk.
As routinely collected health data were used, we had no influence on the methods used for data collection, and there was a risk of misclassification bias [26, 27, 45] . However, as data were collected independently from this study, the risk of differential misclassification of variables should be limited [45] . Residual confounding bias, however, cannot be ruled out. For example the lack of data on aperture size, a possible risk factor for PB [6, 13] , or surgical technique could have affected the estimates.
Although the DSDCR attempts to include all patients with a stoma in the region, estimates could be at risk of bias due to the large number of excluded patients with no available follow-up data. Excluded patients had fewer colostomies and 'laparoscopy only' procedures than the study population, and based on our risk estimates we may have overestimated the incidence of PB. On the other hand, the study population was slightly younger, pointing toward a potential reduced estimation. Parastomal hernias are considered potentially more dangerous than PB caused by subcutaneous prolapse and abdominal wall weakness. Unfortunately, we were not able to conduct separate analyses due to the lack of data distinguishing between the underlying causes of PB in the DSDCR. We argue, however, that PB can impact on quality of life regardless of the underlying cause [46] . For instance, although not potentially dangerous, appliance problems and an altered physical appearance matter to patients [46] . The uncertain reliability and validity of clinical assessments of PB could have biased the results. If true that fewer parastomal hernias are detected clinically than radiologically [13, [31] [32] [33] , we may have underestimated the incidence of PB.
This study has a high external validity representing a major portion of the source population. Despite the high percentage of patients without any follow-up data, we still consider that our findings contribute to the body of knowledge on incidence and risk factors of PB in this population. The findings should be fairly generalizable to a national level based on similarity in procedures due to national guidelines for surgery and standardized cancer procedures in Denmark. The results are likely to be generalizable to other countries with similar populations and surgical practices.
In conclusion, this study showed that one in three patients with a stoma developed PB in the first year after surgery. For risk factors, we found that age, male gender, diverticulitis, alcohol consumption, laparoscopy only and colostomy were associated with an increased risk of PB, while IBD and peristomal mesh and placement through a separate incision were associated with a Figure 4 Kaplan-Meier plots of the cumulative incidence of parastomal bulging for subgroups of (a) age; (b) diagnosis; (c) stoma type; and (d) peristomal mesh (sigmoid colostomies only). IBD, inflammatory bowel disease. For b, the denoted P-value is an overall value for the entire variable. reduced risk of PB. Although it does not add causative data, the risk estimates found in this study add substantially to the body of evidence for PB. Age 80 100 Figure 5 Relationship between age and the logarithm (log) of the adjusted hazard ratio of parastomal bulging. The risk was adjusted for gender, diagnosis, alcohol consumption, type of stoma, and mode of surgery. The median age of 66 years was set as reference corresponding to log hazard ratio of 0. The dotted lines illustrate 95% confidence intervals.
